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(/) Young's modulus for concrete. The joint Committee on Standard Spec-
ifications for Concrete and Reinforced Concrete 13 recommend values of E
for concrete, for use in design, equivalent to the following:

f'c = 2000 to 2400, E = 2,000,000 Ib/sq in.
ffe = 2500 to 2900, E = 2,500,000 Ib/sq in.
/c = 3000 to 3900, E = 3,000,000 Ib/sq in.
/; = 4000 to 4900, E = 3,700,000 Ib/sq in.
/c = 5000 or more, E = 5,000,000 Ib/sq in.

where/c is the compressive strength at 28 days.

The modulus varies with intensity and the duration of loading, as well as
with the proportions of the concrete and the nature of its ingredients. Where
the value of E is an important factor, a special study may be made.

(g) Plastic flow. The deformation of a concrete member under sustained
stress slowly increases with time. This slow yielding, which is inelastic, is
called "flow/7 and may be allowed for by using a reduced or "sustained" modu-
lus of elasticity. Quantitatively, flow depends on the age of the concrete when
loaded, duration of the load, and other factors. The "sustained" modulus
varies with the stress throughout the length and thickness of the arch. Accu-
rate allowance for it is impracticable at the present time. An approximate
allowance can be made by an arbitrary reduction of E. Flow reduces stresses
(but not deformation) due to temperature and shrinkage. However, this re-
duction takes place slowly after the load is applied; hence unless the applica-
tion is very slow, early stresses will correspond to the normal modulus. It is
usually on the safe side to ignore flow.

(h) Poisson's ratio for concrete. Poisson's ratio for concrete varies with the
details of composition and manufacture, and with age. Values for working
stresses usually run from 0.10 at early ages to 0.20 or a little more after 6
months or a year. Values of % and J^ are frequently used where specific
determinations are lacking. Precision in choosing IJL is not essential.

(i) Properties of stones. The elastic properties of foundation rocks and
stone masonry are widely variable and can be determined accurately only by
individual tests. The properties listed in Table 3 14 show the impracticability
of generalization.

The physical properties of a stone masonry arch dam are not necessarily the
same as for the stones themselves, but with closely laid and well-filled joints
may be assumed to be approximately the same. Jointing may similarly affect
foundation constants. The designer cannot be relieved from a certain amount
of judgment.

(j) Earthquake loading. Earthquake forces derived from the inertia of
the masonry are computed as for other dams, Art. 13c, Chapter 7, except that

13 Progress Report, January 1937, p. 44.

14 J. B. JOHNSON, Materials of Construction, 8th Ed., John Wiley & Sons, 1939, p. 255.